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(54) MANUFACTURE OF EPITAXIAL SILICON WAFER 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a manufacturing method superior in IG(intrinsic gettering) capability, where no BMD 
(bulk micro defect) if formed near the surface of silicon wafer for relatively a short processing time, by suppressing uneven 
formation of the oxygen deposition nucleus of a epitaxial silicon wafer provided with IG capability. 

SOLUTION: A latent nucleus is allowed to be produced and brown over the entire crystal in a low-temperature process, 
then the latent nucleus on a substrate surface is allowed to contract and dissolve in a thermal process at a medium 
temperature, while BMD is allowed to grow and form inside the substrate. Thus the BMD appears inside a wafer instead of 
at the surface layer part of it, for less variations in BMD density in a crystal growth method. When an epitaxial film is formed 
at the substrate, the BMD is formed only inside the substrate without surface defects. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the epitaxial silicon wafer which includes the heat treatment process 
of 30 minutes - 4 hours, and the membrane formation process by epitaxial growth at the temperature of 450- 
600 degrees C with the heat treatment process of 1 hour - 24 hours, and the temperature of 850-1050 degrees 
C for the silicon wafer by the CZ process. 

[Claim 2] The manufacture approach of the epitaxial silicon wafer which includes the heat treatment process 
of 30 minutes - 4 hours, and the membrane formation process by epitaxial growth at the heat treatment 
process of 1 hour - 24 hours, and the temperature of 850-1050 degrees C over the silicon wafer after 
processing with the temperature of 450-600 degrees C over the single-crystal-silicon ingot by the CZ 
process. 

[Claim 3] The manufacture approach of an epitaxial silicon wafer according to claim 1 or 2 of performing 
said 450-600-degree C heat treatment process in an inert gas ambient atmosphere. 

[Claim 4] The manufacture approach of an epitaxial silicon wafer according to claim 1 or 2 of performing 
said 850-1050-degree C heat treatment process in oxygen and/or an inert gas ambient atmosphere. 
[Claim 5] Said membrane formation process is the manufacture approach of the epitaxial silicon wafer 
according to claim 1 or 2 performed above 1 100 degrees C for 2 minutes to 1 hour. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to amelioration of the manufacture approach of the epitaxial 
silicon wafer used for manufacture of high accumulation devices, such as ULSI/SI. Before forming an 
epitaxial film in a silicon wafer with epitaxial growth Perform specific heat treatment and BMD (Bulk 
Micro Defect) is actualized inside a silicon wafer. It is related with the manufacture approach of an epitaxial 
silicon wafer of lessening the defect of the silicon wafer front face which forms the EPIKISHARU film, and 
having a quality epitaxial film at the same time it makes it remain and gives IG ability (Intrinsic Gettering). 
[0002] 

[Description of the Prior Art] The epitaxial silicon wafer has the outstanding property without the Grown-in 
defect (COP is included) introduced into the epitaxial film of the front face which creates a device at the 
time of the defect of oxygen ****, or single crystal ingot training, and since use of high concentration 
silicon wafers, such as B and As/Sb, is possible, an epitaxial silicon wafer is being used for high 
performance Power devices, such as high performance devices, such as MPU and a flash memory, and MOS 
FET, ICBT, in recent years. 

[0003] Although the silicon wafer with which mirror polishing of one side was carried out on the other hand 
is used for device applications, such as D-RAM, it becomes clear that the Grown-in defect (especially COP) 
introduced in a single-crystal-silicon ingot manufacture process reduces a device property and a yield, and it 
serves as the situation that the epitaxial silicon wafer with which the epitaxial film was formed must be used 
as detailed-ization of a device progresses. 

[0004] However, IG processing is adopted, in order to prevent contamination in a device process, and 
generating of a crystal defect conjointly with the inclination for heat treatment in a device process to have 
been low-temperature-ized and to obtain a high yield in the latest high accumulation and a high density 
device, also although it is called an epitaxial silicon wafer. 

[0005] This IG processing is divided roughly into the approach of performing IG processing to the silicon 
wafer or single-crystal-silicon ingot in front of epitaxial growth, and the method of performing IG 
processing to the silicon wafer after epitaxial growth. By the latter approach, the particle on the front face of 
an epitaxial layer increases by that properties, such as depth distribution of epitaxial layer thickness and 
specific resistance, change, that possibility of oxygen being spread from a silicon wafer in an epitaxial layer, 
and generating a defect is high, and heat treatment, and since there is a problem of the yield falling, 
generally the method of performing IG processing is adopted before epitaxial growth. 
[0006] For example, the one-step heat-treating method for carrying out heat treatment of (1)600-800 degree 
C before epitaxial growth (JP, 1-298726, A), (2) The two-step heat-treating method for carrying out the 2nd 
650-750-degree C heat treatment after the 1st 400-550-degree C heat treatment (JP,5-102167,A), (3) The 
three-stage heat-treating method (JP,5-259171,A) for carrying out the 1st 850-1 000-degree C heat treatment, 
the 2nd heat treatment of 700 degrees C or less, and the 3rd 800-1 000-degree C heat treatment etc. is 
proposed. 
[0007] 

[Problem(s) to be Solved by the Invention] However, from IG art of growth of BMD formed in the interior 
of a silicon wafer proposed from the former being inadequate, at the time of elevated-temperature heat 
treatment of epitaxial growth processing, BMD disappears and there is a problem that a BMD consistency 
falls greatly. 

[0008] Moreover, since the heat history received during a pull-up is different in the crystal growth direction 
even if the single **** silicon ingot raised by the CZ process is the same ingot, the head of the ingot body 
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section differs in precipitation-of-oxygen level from a pars basilaris ossis occipitalis. For this reason, in case 
IG processing is carried out, heat treatment which forms a precipitation-of-oxygen nucleus in homogeneity 
in the crystal growth direction is needed so that dispersion may be produced neither in the BMD consistency 
in a silicon wafer, nor the defect-free layer width (DZ layer) of a silicon wafer front face. 
[0009] By the approach of heat-treating one step mentioned above, a precipitation-of-oxygen nucleus is not 
formed in the crystal growth direction at homogeneity, but there is a problem which produces dispersion in a 
BMD consistency or DZ layer width. Moreover, although BMD is formed in a silicon wafer, since BMD is 
formed also near the silicon wafer front face, the problem which a defect generates is in the epitaxial layer 
formed in a wafer front face of epitaxial growth processing. 

[0010] By the approach of two-step-less processing mentioned above, although the problem of equalization 
formation of a precipitation-of-oxygen nucleus is avoided to some extent, since 2nd **** type temperature 
is unsuitable, the problem which a defect generates is in the epitaxial layer which BMD is formed also near 
the silicon wafer front face, and is formed after that. 

[001 1] By the approach of carrying out three-stage heat treatment which mentioned above, there is a 
problem which cannot call it a desirable approach from a viewpoint of a productivity drive since BMD 
formation takes long duration, and produces dispersion in defective generating and BMD consistency, and 
DZ layer width to an epitaxial layer since the temperature of the 1st heat treatment and the 2nd heat 
treatment is unsuitable. 

[0012] Thus, in IG art in front of the epitaxial growth currently proposed and carried out from before, the 
processing time was long, and could not cancel dispersion in a BMD consistency or DZ layer width, but 
there was a problem of a defect occurring on an epitaxial layer front face further. 

[0013] This invention aims at offer of the manufacture approach of an epitaxial silicon wafer excellent in IG 
ability which can be processed comparatively in a short time, without controlling ununiformity-ized 
formation of the conventional problem in the manufacture approach of the epitaxial silicon wafer to which 
IG ability was given, i.e., a precipitation-of-oxygen nucleus, and BMD forming near the silicon wafer front 
face. 
[0014] 

[Means for Solving the Problem] The point that the precipitation-of-oxygen nucleus which an artificer 
examines many things about IG processing which can solve the problem mentioned above, and contracts 
with the precipitation-of-oxygen nucleus which the precipitation-of-oxygen nucleus produced in a crystal- 
growth process is contained inside the wafer, and this precipitation-of-oxygen nucleus grows by the 
temperature and the time amount of IG processing, and is actualized as BMD when the single crystal first 
created by the CZ process is processed into a wafer, and dissolves exists noted. 

[0015] Growth of the precipitation-of-oxygen nucleus was promoted, and the artificer did the knowledge of 
actualizing as BMD near the wafer front face as the precipitation-of-oxygen nucleus formed near the silicon 
wafer front face did not disappear, since formation and its growth of a precipitation-of-oxygen nucleus 
would be performed at once if a silicon wafer is heat-treated at the temperature of about 650-800 degrees C 
when performing IG processing to the silicon wafer in front of epitaxial growth. 

[0016] Moreover, even if BMD which actualized the artificer near [ this ] the wafer front face received 
elevated-temperature heat treatment of subsequent epitaxial growth, it did not disappear, but even if it did 
not make the epitaxial layer formed generate a stacking fault or a defect did not occur in an epitaxial layer, 
when elevated-temperature heat treatment was performed in a device process, it carried out the knowledge 
of becoming the cause of making an epitaxial layer inducing defective generating. 

[0017] That is, the place made into the summary of this invention is growing up the precipitation-of-oxygen 
nucleus inside a wafer, and is to actualize BMD inside a wafer at the same time it makes a precipitation-of- 
oxygen nucleus form in the whole wafer by low-temperature heat treatment, then it heat-treats a moderate 
temperature first and it contracts and dissolves the precipitation-of-oxygen nucleus near the silicon wafer 
front face. 

[0018] After this invention performs heat treatment of 1 hour - 24 hours to the single-crystal-silicon ingot 
raised by the CZ process or the silicon wafer after processing at the temperature of 450-600 degrees C and 
performs near heat treatment to a silicon wafer at the temperature of 850-1050 degrees C at 30 minutes - 
4:00, it is the manufacture approach of the epitaxial silicon wafer characterized by forming membranes with 
epitaxial growth. 
[0019] 

[Embodiment of the Invention] This invention is performing heat treatment of 30 minutes - 4 hours to the 
single-crystal-silicon ingot by the CZ process with the temperature of 450-600 degrees C at heat treatment 
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of 1 hour - 24 hours, and the temperature of 850-1050 degrees C, it actualizes BMD, gives IG ability to the 
interior of a wafer, and forms an EPITAKYASHARU layer in the front face of that silicon wafer by 
EPIKISHARU growth. 

[0020] In this invention, heat treatment of the preceding paragraph may be carried out in the state of a 
single-crystal-silicon ingot. Namely, even if it heat-treats the preceding paragraph of 1 hour - 24 hours at the 
temperature of 450-600 degrees C to the single-crystal-silicon ingot which grew by the CZ process The 
equalization effectiveness of the same precipitation-of-oxygen nucleus as the case where it said-heat-treats 
in the state of a silicon wafer is acquired. By then, the thing for which a single-crystal-silicon ingot is 
processed into a silicon wafer, heat treatment of 30 minutes - 4 hours is performed at the temperature of 
850-1050 degrees C, and an epitaxial film is formed in a silicon wafer front face with epitaxial growth after 
that The epitaxial silicon wafer excellent in IG ability can be manufactured. 

[0021] Since time amount is required very much that heat treatment of the preceding paragraph forms a 
precipitation-of-oxygen nucleus in the crystal growth direction at less than 450 degrees C in this invention at 
homogeneity and productivity falls greatly, if processing temperature exceeds 600 degrees C preferably, in 
order that the precipitation-of-oxygen nucleus formed near the wafer front face since growth of a 
precipitation-of-oxygen nucleus becomes remarkable may grow as it is and may actualize as BMD on a 
wafer front face, it holds in temperature of 450-600 degrees C. 

[0022] Moreover, in order that the homogeneity formation of a precipitation-of-oxygen nucleus of the 
processing time is inadequate in heat treatment in this temperature requirement, there may be no change in 
formation of a precipitation-of-oxygen nucleus not much even if it exceeds 24 hours preferably since it 
produces dispersion in the BMD consistency formed after that, and it may cause the fall of productivity, let 
it be the holding time of 1 hour - 24 hours in less than 1 hour. 

[0023] In this invention, since BMD with big size grows and defects, such as a stacking fault, occur in an 
epitaxial layer at the same time BMD formed in the interior of a wafer will disappear, if it is inadequate that 
processing temperature extinguishes the precipitation-of-oxygen nucleus and BMD near the wafer front face 
at less than 850 degrees C and it exceeds 1050 degrees C, latter heat treatment is held to the temperature 
which is 850-1050 degrees C. 

[0024] Moreover, if the growth of BMD of the processing time is inadequate in less than 30 minutes and it 
exceeds 4 hours, since BMD will actualize on a wafer front face and a defect will arise in an epitaxial layer 
required for a device, it considers as the holding time of 30 minutes - 4 hours. 

[0025] Heat treatment of the preceding paragraph of this invention is carried out in an inert gas ambient 
atmosphere, for example, nitrogen gas, or an argon gas ambient atmosphere. If it heat-treats by the oxidizing 
atmosphere, since silicon is poured in between grids, it combines with oxygen, and it is easy to form an 
oxide, and oxygen will be spread from a wafer front face, it will combine with a Grow-in defect (COP) and 
a stable oxide will be formed, even if it receives elevated-temperature heat treatment of epitaxial growth, 
this oxide will not disappear but a defect will be formed in an epitaxial layer. 

[0026] heat treatment of the latter part of this invention — each of oxygen or inert gas — independent — again 
— or although it carries out in a mixed ambient atmosphere, especially the thing carried out in inert gas 
ambient atmospheres, such as nitrogen gas or argon gas, from a viewpoint of control of oxide formation on 
the wafer front face mentioned above is desirable. 

[0027] In this invention, epitaxial growth can be formed by well-known vapor growth, such as vapor growth 
using well-known trichlorosilan etc. Especially short-time processing usually comes out, and is 
advantageous to the epitaxial grown method of a certain single wafer processing. As EPITAKYARU growth 
conditions, at the temperature of 1 100 degrees C or more, the epitaxial growth process of 2 minutes - about 
1 hour is desirable, and it is especially suitable for the epitaxial grown method of single wafer processing 
which is about 2-15 minutes. 

[0028] The epitaxial wafer created with the epitaxial grown method of single wafer processing is excellent 
in the surface smoothness on the front face of an epitaxial layer. However, the epitaxial grown method of 
single wafer processing has the growth processing time shorter than a several multi-sheet coincidence 
epitaxial grown method, in order to reduce the production cost, and the processing time which is about 1 0 
minutes per wafer is usual. In the epitaxial growth of this short time, the precipitation-of-oxygen nucleus 
near the wafer front face cannot disappear easily, and the problem which is easy to generate a defect is in the 
epitaxial layer formed. 

[0029] However, as for the silicon wafer by this invention, BMD is firmly formed in the interior of a wafer, 
since the precipitation-of-oxygen nucleus of wafer surface **** has disappeared, even if it is short- time 
EPITASHARU growth, a defect does not occur in an EPITAKYARU layer but it can adopt the epitaxial 
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grown method of single wafer processing. 

[0030] As for the range of an oxygen density, in this invention, it is desirable to consider as 10 - 16x1017 
atoms/cm3. In less than three 10x1017 atoms/cm, if time amount is taken to obtain a required BMD 
consistency and 16x1017 atoms/cm3 is exceeded, a defect will deposit [ the BMD consistency in a wafer ] 
also on a wafer front face exceeding 3 1x1016 pieces /cm. A still more desirable oxygen density range is 1 1 

- 16x1017 atoms/cm3. 

[003 1] In this invention, it is possible to perform various processings before and after heat treatment of the 
preceding paragraph and the latter part. Moreover, in order to reduce defective generating of a silicon wafer 
front face, it is desirable before epitaxial growth to give surface grinding of well-known one side and both 
sides or one side, and double-sided polish to the silicon wafer after latter heat treatment. 
[0032] 

[Example] example 1 CZ process — the following — the single crystal silicon of description was raised. 

- Conductivity type :P A mold (boron dope), specific-resistance 10 ohm-cm, diameter:200mm, bearing 
(100), pull-up die-length: 1000mm, pull-up rate 1 mm/min, an oxygen density: 10-12 (xl017 atoms/cm3) 
[0033] Slice, wrapping, and etching were performed, the above-mentioned single-crystal-silicon ingot was 
processed into the wafer, and the following IG processing was carried out to the silicon wafer sampled and 
carried out from three places, 100mm, 500mm, and 900mm, from the ingot body section head. 



[0034] 
fTable 1] 




mm 






4501C 


950T; 















[0035] Next, after carrying out mirror plane processing of one side of the silicon wafer with which the 
above-mentioned heat treatment was performed, epitaxial growth was carried out on condition that the 
following, epitaxial growth processing conditions — epitaxial growth injection temperature:650 degree-C, 
programming-rate: 1 5 degrees C /, sec, hydrogen baking temperature, time amount: 1 125 degree-C, 60- 
second, epitaxial growth temperature: 1 100 degree-C, epitaxial growth time amount: 120 seconds (6 
micrometers of thickness), used gas:SiHC13, temperature fall rate:7 degrees C /, and sec, and ejection 
temperature: - 600-700 degrees C comes out. 

[0036] In order to investigate IG ability, simulation heat treatment which imitated the device process was 
carried out. Device process simulation heat treatment conditions are gas ambient atmosphere:dry02 ambient 
atmospheres for processing temperature: 1000 degree C, and processing-time: 16 hours. 
[0037] In order to measure the BMD consistency in a silicon wafer, after carrying out the cleavage of the 
silicon wafer and removing a cross section by 2-micrometer light etching, the cross section was observed 
under the microscope and BMD reinforcement was evaluated. The result is shown in drawing 1. 
[0038] The conditions A shown by x mark show the result of having performed only simulation heat 
treatment, among drawing 1 to the silicon wafer with which IG processing is not performed at all. Moreover, 
Conditions B (** mark) show the result of having performed simulation heat treatment, after performing 
preceding paragraph heat treatment to a silicon wafer. 

[0039] Conditions C (** mark) show the result of having performed simulation heat treatment, after 
performing preceding paragraph heat treatment and latter-part heat treatment to a silicon wafer. After 
Conditions D (black ** mark) perform preceding paragraph heat treatment to a silicon wafer, they perform 
epitaxial growth processing and show after that the result of having performed simulation heat treatment. 
[0040] After Conditions E (black ** mark) show the result of this invention and perform preceding 
paragraph heat treatment and latter-part heat treatment to a silicon wafer, they perform epitaxial growth 
processing and show after that the result of having performed simulation heat treatment. Conditions F (O 
mark) show the result performed on the same conditions as Conditions D to a silicon wafer except [ all ] 
having changed preceding paragraph heat treatment temperature into 700 degrees C. 

[0041] The latter part was not heat-treated, but although the BMD consistency was good, on the conditions 
B which did not give an epitaxial growth place type, the sharp BMD consistency fall was seen after that by 
the conditions D which performed epitaxial growth processing, so that clearly from this drawing 1 . It is 
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thought that just preceding paragraph heat treatment of low-temperature heat treatment of growth of the 
precipitation-of-oxygen nucleus formed in the interior of a wafer was [ this ] inadequate, and BMD with 
small size which seldom grew disappeared by high temperature processing of epitaxial growth processing. 
[0042] On the other hand, also in the conditions E which the silicon wafer of the conditions C which 
performed preceding paragraph heat treatment and latter-part heat treatment showed the high BMD 
consistency to the interior of a wafer, and performed epitaxial growth processing after that, BMD of two or 
more [ 1x104 //cm ] was observed by homogeneity in the growth direction of single crystal silicon. 
[0043] In addition, in Conditions E, preceding paragraph heat treatment of silicon WEHAHE was 
transposed to heat treatment of single crystal in GOTTOHE, and was carried out, and it was processed into 
the wafer after that, and also when it carried out by other conditions (latter-part heat treatment, epitaxial 
growth processing, simulation heat treatment) remaining as they are, the BMD consistency showed the same 
result as Conditions E. 

[0044] In order to measure the defect density of the epitaxial silicon wafer front face manufactured on the 
conditions D in example 2 example 1, Conditions EC, and Conditions F, the defect on the front face of an 
epitaxial layer was observed having used the measurement range as >0.09micrometerphi at the laser particle 
counter (SP-1). The result is shown in drawing 2. 

[0045] As for the epitaxial silicon wafer manufactured on Conditions D, the surface discontinuity of about 
50 averages / wafer was observed on that front face so that clearly from this drawing. Since moderate 
temperature heat treatment of the 2nd heat treatment is not performed, this is considered that the defect was 
introduced into the epitaxial layer on the basis of this precipitation-of-oxygen nucleus, without the 
precipitation-of-oxygen nucleus near [ which was formed by low-temperature heat treatment of the 1 st heat 
treatment ] the silicon wafer front face not contracting, and dissolving. 

[0046] Although the epitaxial wafer manufactured on Conditions F showed the value of a comparatively 
high BMD consistency in the example 1 , in the epitaxial wafer front face, the defect of about ten averages / 
wafer generated it. This has the temperature of preceding paragraph heat treatment as high as 700 degrees C, 
and since formation and its growth of a precipitation-of-oxygen nucleus are performed only by this heat 
treatment, and BMD was formed near the wafer front face, it is considered. 

[0047] On the other hand, in that epitaxial layer front face, the defect was not mostly observed for the 
epitaxial silicon wafer of this invention manufactured on Conditions C. 

[0048] thus, in order to be compatible in controlling defective generating to the positive BMD formation and 
the positive epitaxial layer inside a silicon wafer After making a precipitation-of-oxygen nucleus once form 
[ the whole wafer ] by low-temperature heat treatment before the EPITAKINYARU stratification at 
homogeneity, It turns out that it is required for the interior of a wafer by growing up the precipitation-of- 
oxygen nucleus inside a wafer to actualize BMD at the same time it performs moderate temperature heat 
treatment and contracts and dissolves the precipitation-of-oxygen nucleus of a silicon wafer front face. 
[0049] 

[Effect of the Invention] After this invention performs specific low-temperature heat treatment to the silicon 
wafer cut down from the single-crystal-silicon ingot or ingot raised by the CZ process and performs specific 
moderate temperature heat treatment to a silicon wafer after that, by performing epitaxial growth processing, 
it can actualize BMD certainly inside a wafer in a short time, and can obtain the epitaxial silicon wafer 
excellent in IG ability. 

[0050] This invention can solve the fundamental problem that BMD inside a wafer falls sharply, if epitaxial 
growth processing is performed to the silicon wafer by which IG processing was carried out conventionally. 
[0051] Moreover, since BMD is firmly formed in the interior of a wafer, the epitaxial silicon wafer obtained 
by this invention can carry out gettering of the contamination generated in a device process certainly, even if 
there is no dispersion in a BMD consistency and it receives heat treatment of a device process not to 
mention the dependability of a device improving, has the effectiveness which a defect does not generate in 
an epitaxial layer, and raises the dependability of a device by leaps and bounds. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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